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Objective: Asian females with ovarian cancer have different clinicopathological characteristics compared with other races. However, an effective prognostic prediction tool is lacking. The goal of our study was to develop and evaluate nomograms for estimating overall survival and cancer-specific survival in Asian patients with ovarian cancer.



Methods: We extracted data from 2010 to 2018 in the Surveillance, Epidemiology, and End Results database, focusing on Asian/Pacific Islander females that had been diagnosed with epithelial ovarian cancer. To find prognostic factors, least absolute shrinkage and selection operator Cox regression and multivariate Cox regression analyses were used. Based on the outcomes, nomograms were then constructed. Numerous techniques, such as the C-index, calibration plots, decision curve analysis, and risk subgroup stratification, were used to assess the performance of the nomograms.



Results: Nomograms were created to evaluate overall survival and cancer-specific survival rates over three and five years. The C-indices for overall survival and cancer-specific survival in the training cohort were 0.768 and 0.778, respectively. The C-indices for overall survival and cancer-specific survival in the validation cohort were 0.804 and 0.812, respectively. The calibration plots showed that the nomogram forecasts and actual survival results agreed. Additionally, the decision curve analysis curves indicated that the nomogram outperformed the American Joint Commission on Cancer staging system in terms of predictive accuracy.



Conclusion: Nomograms and a risk classification system were created to forecast the overall survival and cancer-specific survival of Asian females with ovarian cancer. The nomograms and risk stratification system have the potential to provide valuable assistance in making future clinical decisions.
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1 Introduction

Ovarian cancer (OC) is a highly aggressive form of gynaecological cancer, ranking as the seventh most prevalent cancer among women (1). More than 90% of all instances of OC are epithelial (EOC). It is also recognized as the most lethal form of malignancy worldwide (2). Most OC cases are distributed across East, South, and Southeast Asia, causing a heavy disease burden.

The prognosis for patients with OC is still poor despite recent increases in survival rates. Previous research has indicated that Asians may have distinct prognostic outcomes compared with other racial groups (3, 4). Nonetheless, the prognostic factors in Asian patients with EOC require further study. Many factors, such as stage, histology, and surgical methods used have been proposed to influence the prognosis of EOC (5). In addition, demographic characteristics, lymph node (LN) status, other treatments, and organ metastasis should be considered when evaluating survival outcomes.

A nomogram is a predictive tool that contains important predictors and is frequently used to evaluate risks and determine the prognosis for various cancer types. Besides, nomograms are widely used in gynecologic oncology not only for prognostic purposes but also for evaluating surgical feasibility, particularly in minimally invasive surgery (MIS) (6–8). To forecast survival rates in individuals with EOC, several prognostic models have been created. For instance, using information from the CALYPSO trial, Lee et al. (9) created a nomogram to forecast survival in patients with recurrent platinum-sensitive OC. To the best of our knowledge, no specific nomograms or prediction models have been created to predict the outcomes of Asian females with EOC.

The Surveillance, Epidemiology and End Results (SEER) database is a thorough assemblage of information on cancer from 18 American registries. Approximately 27.8% of the population is covered, and it offers useful details on people who have been diagnosed with cancer. In this study, our objective was to extract data from the SEER database, specifically on Asian females diagnosed with OC. The aim was to utilise this data to develop nomograms that can accurately forecast the prognostic outcomes of Asian females with EOC.



2 Materials and methods


2.1 Data collection

The National Cancer Institute's SEER program was used to obtain the data for this investigation. We downloaded the SEER*Stat software, version 8.3.9 from the official website (https://seer.cancer.gov/) to extract patients' data. Given that the SEER database is a public resource, it was exempt from informed consent requirements and institutional research ethics committee approval.

We chose patients who were diagnosed with EOC from 2010 to 2018 based on the International Classification of Diseases for Oncology, 3rd edition (ICD-O-3) morphology codes “8310/3, 8323/3, 8380/3, 8441/3, 8460/3, 8461/3, 8470/3, and 8480/3”. All patients had Asian/Pacific Islander (API) ethnicity. The study collected various information including age, laterality, grade, American Joint Committee on Cancer (AJCC) stage, histology, surgical procedures, chemotherapy, radiotherapy, organ metastasis, the quantity of examined LNs, LN status, vital status, and survival duration. The organs where metastasis occurred were the liver, lung, and bone.

The following conditions were the inclusion criteria for the study: (1) having EOC as their initial and primary tumour; (2) being diagnosed with EOC through histology or cytology; (3) being 18 years of age or older; (4) having complete clinicopathological characteristics, demographic information, and follow-up data. The following criteria were used for exclusion: (1) EOC not being the primary tumour; (2) lack of histological confirmation; (3) age below 18 years of age; (4) survival time less than 6 months; and (5) insufficient information available for LNs, grade, stage, surgery, chemotherapy, radiotherapy, laterality, and organ metastasis.



2.2 Statistical analysis

Two pieces of software, SPSS (version 26.0; IBM Corp., Armonk, NY, USA) and R (version 4.1.0; accessible at https://www.r-project.org), were used for the statistical analysis. Statistical significance was determined when p < 0.05.

A training cohort and a validation cohort were randomly formed from the patients with a ratio of 7:3. To compare the clinicopathological characteristics between the training and validation cohorts, the chi-square test was used. Overall survival (OS) and cancer-specific survival (CSS) were the study's primary outcomes.

We utilized the “glmnet” and “rms” packages to perform the least absolute shrinkage and selection operator (LASSO) and multivariate Cox regression analysis. LASSO regression was utilised to primarily select useful predictive elements, to avoid overfitting. Thereafter, multivariate analysis from the Cox proportional hazard regression model was utilised to identify the significant predicting variables further. Based on these results, we created nomograms to forecast OS and CSS.

To evaluate the nomograms' accuracy, we used the receiver operating characteristic (ROC) curve and the C-index, which has a range of 0.5 to 1.0. Additionally, for the purpose of assessing the consistency between the anticipated and actual 3- and 5-year OS and CSS rates, calibration curves (1,000 bootstrap resamples) were constructed. To evaluate the potential worth of the nomograms, we performed decision curve analysis (DCA). Based on the median risk score that we determined from the nomograms, we separated the entire cohort into low-risk and high-risk groups. After that, we used Kaplan–Meier analysis to compare the survival rates of the different risk subgroups.




3 Results


3.1 Baseline characteristics and survival outcomes

Overall, the SEER database yielded 1,563 patients with EOC (Table 1). All patients' ethnicity was API and the patients had a median age of 55 years. A total of 517 (33.1%) patients were younger than 50 years, 535 patients (34.2%) were aged 50–60 years, and 511 (32.7%) were over the age of 60. Most individuals were unilateral (64.1%) and had a grade of III/IV (70.5%). The most common histological type in the cohort was serous, accounting for 50.1% of cases. Endometrioid tumours accounted for 18.9% of cases, followed by clear cell tumours at 15.3%. As for the AJCC stage, most subjects were diagnosed at stage I (37.2%) and stage III (36.0%), while a lower percentage were diagnosed at stage IV (15.0%) and stage II (11.9%). Distant organ metastases were found in 84 patients (5.4%). The most common organ metastasis was to the lungs (2.9%), followed by the liver (2.6%), and bone (0.5%).


TABLE 1 Clinical and pathological features of patients in the study cohort.
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Only 1.7% of patients did not undergo surgery, while 1,040 (66.5%) underwent lymph node dissection. A total of 1,236 (79.1%) patients received chemotherapy, whereas only 29 (1.9%) received radiotherapy. The two cohorts showed comparable and balanced characteristics (Table 1).

The OS rates over three and five years for all patients were 79% and 64%, respectively. The mean follow-up period was 76.7 [74.7–78.6] months. For all patients, the CSS rates over three and five years were 80% and 66.7%, respectively. The mean follow-up period was 78.9 [77.0–80.9] months. In terms of histology subtypes, serous histology had the worst 3-year and 5-year survival rate, endometrioid histology had the best 3-year and 5-year survival rate, and the other histology types had 3-year and 5-year survival rate in between. Table 2 displays the OS and CSS rates over three and five years for all patients across various clinical characteristic variables.


TABLE 2 The 3-and 5-year OS and CSS according to patient characteristics.
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3.2 Independent prognostic factors for OS and CSS

Overall, 14 different variables were examined. Based on findings by the LASSO regression analysis, the following elements were found to be prognostic factors for OS and CSS: grade, laterality, AJCC stage, age, LN examined, and LN status (Figure 1). According to multivariate Cox regression analysis, the AJCC stage, grade, age, LN examination, and LN status were independently and significantly related to OS, whereas the AJCC stage, grade, LN examination, and LN status were independently and strongly related to CSS (Table 3). Based on the uncovered prognostic parameters, we created nomograms to forecast the OS and CSS over three and five years.


[image: Figure 1]
FIGURE 1
LASSO regression was utilized for variable selection; (A,B) LASSO regression selected six factors for OS; (C,D) LASSO regression selected six factors for CSS.



TABLE 3 Multivariate Cox analysis of the variables based on the results of lasso regression.
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In the training cohort, the nomograms achieved a C-index of 0.768 for OS and 0.778 for CSS. The C-indices for OS and CSS in the validation cohort were 0.804 and 0.812, respectively. To evaluate the nomogram's capacity for discrimination, we used ROC curves (Figure 2).


[image: Figure 2]
FIGURE 2
Nomograms for OS and CSS. (A) Nomogram for predicting 3- and 5-year OS; (B) Nomogram for predicting 3- and 5-year CSS.


The calibration curves for three and five years of OS and CSS demonstrated an excellent concordance between the predictions of the nomogram and the observed survival rates in both the training group and the validation cohort (Figure 3). The DCA curves revealed that the nomogram models outperformed the AJCC staging system and offered good forecasts (Figures 4, 5).


[image: Figure 3]
FIGURE 3
ROC curves. (A) OS nomogram ROC curve for training cohort; (B) CSS nomogram ROC curve for training cohort; (C) OS nomogram ROC curve for validation cohort; (D) CSS nomogram ROC curve for validation cohort.
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FIGURE 4
Calibration plots. (A,B) 3-year and 5-year OS nomogram calibration plots for training cohort; (C,D) 3-year and 5-year CSS nomogram calibration plots for training cohort; (E,F) 3-year and 5-year OS nomogram calibration plots for validation cohort; (G,H) 3-year and 5-year CSS nomogram calibration plots for validation cohort.



[image: Figure 5]
FIGURE 5
DCA curves. (A) DCA curve of the nomogram and AJCC stage for OS; (B) DCA curves of the nomogram and AJCC stage for CSS. DCA, decision curve analysis.




3.3 Risk stratification of Asian females with OC

The nomogram assigned a risk score to each variable. The sum of the scores for all variables was used to calculate the overall score for each patient. Subsequently, based on the median risk score, the cohort was split into two subgroups: low-risk and high-risk. The Kaplan–Meier survival curves for these subgroups is illustrated in Figure 6. OS and CSS were significantly different between the low-risk and high-risk groups (p < 0.001 and p < 0.001, respectively). Overall, these findings demonstrate the excellent ability of our nomogram to perform risk stratification.


[image: Figure 6]
FIGURE 6
Kaplan–Meier curves. (A) OS for patients stratified by the risk stratification system; (B) CSS for patients stratified by the risk stratification system.





4 Discussion

Asian patients with OC may exhibit distinct characteristics when compared to individuals of other races. In an NRG Oncology/GOG Ancillary study involving 7,914 patients, it was reported that Asian patients with OC tended to be younger and had better performance status. Additionally, clear cell and mucinous tumour subtypes were more prevalent, and they were more likely to be in the early stages of illness (3). In ovarian carcinogenesis, type II carcinomas (high-grade, clinically aggressive tumours) are more frequent in Europe and the USA than in Asia (10). In addition, the incidence and 2-year relative survival of Asian patients differ from those of other races (11).

In this study, we analysed the risk factors directly related to EOC among Asian patients using data from the SEER database. We developed nomograms according to the identified independent prognostic factors to predict the OS and CSS rates over three and five years. To evaluate the calibration and discrimination of the nomograms in both the training and validation cohorts, we used C-indices, calibration curves, and DCA curves. The findings suggested favourable consequences, demonstrating excellent performance of the nomograms. Furthermore, we successfully developed a risk stratification system utilising the risk scores generated by the nomograms.

Five independent OS prognostic variables were found in this study: age, tumour grade, AJCC on Cancer stage, LN examined, and LN status. These same factors (except age) also significantly impacted CSS. In our study, we observed a negative correlation between age and survival outcomes, indicating that older patients tended to have worse survival. Older patients often experience decreased immune responses, which may contribute to their poorer survival (12). A study conducted by Fuh et al. (3) reported that Asians are more likely than Caucasians to present with stage I illness and clear cell malignancies. In this study, Asian patients were more likely to present with both stage I and stage III illnesses. Furthermore, serous was the most common histological subtype with poor prognosis, followed by endometrioid and clear cell.

Although lymphadenectomy is considered an important part of the National Comprehensive Cancer Network (NCCN) treatment guidelines (13), the prognostic value of lymphadenectomy remains controversial. According to research by Paik et al. (14), patients with advanced OC who underwent a primary debulking surgery with lymphadenectomy had better survival rates, particularly in terms of survival after recurrence. A multi-institutional retrospective study found that lymphadenectomy performed for advanced, high-grade serous OC with R0 status after primary debulking surgery was associated with improved oncologic outcomes (15). In early-stage OC, suboptimal staging is an indicator of quality of care, and tumor biology, as defined by histological subtypes such as low-grade endometrioid and mucinous types, independently affects disease-free survival (DFS) (16). Furthermore, lymphadenectomy may increase OS in patients with both early-stage and advanced OC, according to two meta-analyses (17, 18). Additionally, a multicenter retrospective study by Bizzarri et al. found that staging lymphadenectomy in patients with grade 2 endometrioid ovarian carcinoma is associated with improved DFS and OS. This supports the findings in the nomogram of our study (19). Contrary to the findings of those studies, numerous retrospective investigations have demonstrated that lymphadenectomy does not significantly affect the mortality results of patients with both early-stage and advanced EOC (20, 21). The prognostic relevance of lymphadenectomy varies substantially between early and advanced stages. In a randomised trial, systemic lymphadenectomy was not found to increase OS or progression-free survival (PFS) in patients with advanced OC (22). Wang et al. found that for patients with early-stage ovarian cancer, lymphadenectomy does not significantly improve progression-free or overall survival rates (23). However, Ronsini et al. found that for advanced stage, lymphadenectomy is protective and reduces the risk of death (24). These findings suggest that lymphadenectomy should be carefully considered for different stages of ovarian cancer.

According to our research, patients who underwent surgery to remove more than ten LNs had much better prognosis and survival rates. In our study, we identified the LN status as a significant prognostic factor and the patients' prognosis was discovered to be related to their LN status. The underlying mechanisms of systemic lymphadenectomy should be elucidated in future studies.

Numerous studies have consistently demonstrated the superior performance of the nomogram model in prognosticating OC compared to traditional staging systems. The nomogram has been proposed as a promising tool for prognostic assessment for this disease. For instance, Chen et al. (25) developed and validated nomograms for predicting OS and CSS in patients diagnosed with ovarian clear cell carcinoma. Their nomograms obtained C-indices of 0.802 [95% CI: 0.773–0.831] for OS and 0.802 [95% CI: 0.769–0.835] for CSS, indicating strong predictive accuracy. Liu et al. (26) created an externally validated nomogram to forecast OS in patients diagnosed with serous ovarian carcinoma, who underwent satisfactory surgery and chemotherapy. Their nomogram obtained a C-index of 0.689 [95% CI: 0.677–0.701], indicating reasonable predictive accuracy. Zhang and Zhu (27) created an internally validated nomogram to forecast early cancer-specific mortality following surgery in patients diagnosed with EOC. The nomogram demonstrated a robust predictive capability for cancer- specific early death, as evidenced by a high C-index of 0.787 [95% CI: 0.772–0.794]. All these nomograms demonstrated superior discriminatory capacity compared to traditional staging systems.

In our work, we carried out a thorough validation of the precision of our nomograms, utilising various metrics, including C-indices, ROC curves, calibration curves, and DCA. Both the training and validation cohorts underwent these evaluations to guarantee the accuracy of our nomograms. The C-indices for OS and CSS were found to be 0.768 and 0.778, respectively, indicating good discriminative ability. The ROC curves further supported the favourable performance of the nomograms in predicting survival outcomes. Additionally, the DCA curves and the calibration curves confirmed the optimal clinical applicability and calibration of the nomograms, respectively, highlighting their accuracy and usefulness in prognostic prediction.

Our study possesses several notable strengths. For example, we utilised a large sample size from the SEER database, which provided high-quality data for constructing and validating our nomograms. To the best of our knowledge, no specific nomograms of Asian patients with OC using the SEER database existed before we constructed our nomograms. The fact that the nomograms we created outperformed the AJCC 7th edition staging system in terms of predictive ability is another significant benefit of our study. This performance was confirmed through DCA. DCA is a valuable tool in assessing the clinical utility of prediction models. It goes beyond traditional performance metrics by incorporating the clinical judgement of the potential benefits and harms associated with the use of a specific model (28). In addition to its predictive value, the nomogram model has the advantage of enabling risk stratification of patients to facilitate different treatment strategies.

Nevertheless, it is important to acknowledge that the current study includes several limitations. First, this study made use of retrospective data, which may inevitably introduce selection bias. Second, detailed information, such as specific chemotherapy regimens and cycles, ascitic fluid, genetic results such as BRCA mutations and homologous recombination deficiency, family history of OC, location of positive LNs, and recurrence, were unavailable. Third, The influence of confounding factors such as socioeconomic factors and healthcare factors on prognosis could not be fully evaluated.The impact of these factors needs to be further evaluated in prospective studies. Fourthly, it is important to acknowledge that the nomogram model developed in this study only underwent internal validation using the available data.External validation using independent cohorts and prospective studies is essential to confirm the performance and generalisability of the nomogram model. Finally, the prognostic nomogram was developed based on both early- and advanced-stage cases. This is a significant limitation. As we discussed above, the prognostic relevance of lymphadenectomy varies substantially between these two stages. More studies on lymphadenectomy for ovarian cancer at different stages are needed in the future.



5 Conclusion

We utilised a large-scale database in our study, which allowed us to construct nomograms that demonstrated favourable predictive capacity for assessing the OS and CSS rates over three and five years in Asian females with OC. We also created a risk stratification system utilising risk scores generated by the nomograms. This risk stratification system categorises patients into different risk groups. For high-risk groups, therapeutic measures could be actively taken in clinical work, such as sentinel lymph node dissection to clarify the status of lymph nodes, or more lymph node dissection to improve the prognosis of these patients.In the future we hope to integrate nomograms into clinical workflows to make more precise prognostic guidance in clinical practice.
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